The comorbidity of chronic kidney disease and diabetic retinopathy (DR) is well known. However, to our knowledge, no cohort study has demonstrated the effect of chronic kidney disease on the development or progression of DR.
D iabetic retinopathy (DR) has been a leading cause of blindness worldwide. 1 Proliferative diabetic retinopathy (PDR), which may result in vitreous hemorrhage, tractional retinal detachment, and neovascular glaucoma, is one main cause of blindness in patients with diabetes. However, diabetic macular edema (DME) may also result in the visual loss because of the blood-retinal barrier breakdown, increased permeability of macular retinal vessels, and exudation of serous fluid and lipids into the macula.
2 Diabetic macular edema could happen during any stage of DR, including nonproliferative diabetic retinopathy (NPDR) and PDR. Chronic kidney disease (CKD) is also a main microvascular complication in patients with diabetes. It is characterized by increased serum creatinine levels, persistent albuminuria, and decreased glomerular filtration rates. Previous studies have shown that albuminuria and a low estimated glomerular filtration rate (eGFR) were both risk factors for DR.
3-7 However, most previous studies were cross-sectional, not longitudinal. As for DME, only limited studies have reported its association with renal function. Macroalbuminuria, not eGFR, has been shown to be associated with DME. 8, 9 In this study, we conducted a prospective cohort in a Chinese population with type 2 diabetes to investigate the role of CKD in the development of DR and DME.
Methods
Patients who received a diagnosis of type 2 diabetes and underwent treatment in the outpatient clinic of the Metabolism Division at Changhua Christian Hospital and Kaohsiung Medical University Hospital between April 2002 and September 2004 were prospectively enrolled as a cohort. All patients obtained regular follow-up for systemic checkups every 2 to 6 months during the follow-up period. Those who were lost to follow-up within 6 months were excluded from the study. A total of 2198 patients were enrolled intially, and 37 patients were excluded because of loss of follow-up within 6 months. This cohort study ended on December 31, 2010. The human research ethics committees at both hospitals approved the protocol for this study (Changhua Christian Hospital institutional review board approval number, P201411-15; Kaohsiung Medical University Hospital institutional review board approval number, KUMH-IRB-95-00-74), and written informed consent was obtained from each patient. This study adhered to the tenets of the Declaration of Helsinki.
Outcome Measurements: DR and DME All participants underwent fundus photography with a 45°non-mydriatic fundus camera (CanonCR-2; Canon) at baseline and every 6 to 12 months during the follow-up period. Two images were obtained for each eye: one that centered on the optic disc, and the other that centered on the fovea. The images were then graded by well-trained graders according to the international clinical diabetic retinopathy and diabetic macular edema disease severity scales as proposed by the Global Diabetic Retinopathy Project Group. 10 The severity of DR in this study was categorized as no apparent retinopathy (no DR), NPDR, and PDR. As for the DME outcome in this study, we defined it as hard exudates in the presence of microaneurysms and blot hemorrhages within 1500 μm from the foveal center or the presence of focal photocoagulation scars in the macular area. For patients with gradable image results from both eyes, we recorded the eye with a more severe result; for those who had gradable image results available from only 1 eye, the results from the gradable eye were recorded. Patients with ungradable image results from both eyes at baseline were excluded from this study.
Renal Profile and Other Parameters
An interview and a comprehensive assessment of disease status, complications, and risk factors were performed for each patient on enrollment in this study. All patients had their blood samples obtained at 8 AM after an overnight fast and before taking their morning medication; overnight first-void urine samples were also obtained. We measured renal profiles, including serum creatinine levels, eGFR, urinary albumin to creatinine ratios (ACR), and other parameters, including body mass index (calculated as weight in kilograms divided by height in meters squared), systolic blood pressure (SBP), diastolic blood pressure, hemaglobin A 1c (HbA 1c ), fasting glucose level, total cholesterol level, high-density lipoprotein cholesterol level, low-density lipoprotein cholesterol level, and triglyceride level. All serum levels, except HbA 1c , were measured using a biochemistry automatic analyzer (Bechman-Coulter Inc); HbA 1c was measured in whole blood using ion-exchange highperformance liquid chromatography (BIo-Rad). Urinary ACR was calculated as the ratio of the urine albumin level over the creatinine level, and eGFR was calculated using the Chronic Kidney Disease Epidemiology Collaboration equation. All patients obtained regular follow-up every 2 to 6 months. At each follow-up, patients underwent the same tests as they had at baseline. The mean serum creatinine levels, eGFR, and urinary ACR values during the follow-up periods were computed for each patient.
Key Points
Question What is the association of chronic kidney disease with the development of diabetic retinopathy in patients with type 2 diabetes?
Findings This 8-year cohort study of a Chinese population showed that an estimated glomerular filtration rate of less than 60 mL/min/1.73m 2 and a urinary albumin to creatinine ratio of more than 30 mg/g at baseline were both associated with the development of proliferative diabetic retinopathy, while a baseline urinary albumin to creatinine ratio of more than 30 mg/g was associated with the development of diabetic macular edema. After adjusting the baseline values, abnormal mean follow-up renal profiles were still correlated with new-onset proliferative diabetic retinopathy.
Meaning These data suggest that an abnormal renal profile is associated with proliferative diabetic retinopathy and diabetic macular edema in patients from this population with type 2 diabetes.
Statistical Analysis
For patients with NPDR and those with PDR at baseline, the renal profile (serum creatinine, eGFR, and urinary ACR) and other parameters were compared with those without DR at baseline using t tests or χ 2 tests. These parameters were also compared between patients with DME and those without DME at baseline. For those without DR/PDR/DME at baseline, Cox regression models were used to calculate the hazard ratios (HRs) for the baseline and mean follow-up renal profiles for any new-onset DR/PDR/DME. The mean follow-up values were calculated as the means of all examination results during the follow-up periods. The eGFR levels were divided into 5 groups for regression analysis: (1), more than 90 mL/min/1.73m 2 ,(2) 61 to 90 mL/min/1.73m 2 , (3) 46 to 60 mL/min/1.73m 2 , (4) 30 to 45 mL/min/1.73m 2 , and (5) less than 30 mL/min/1.73m 2 .As for ACR, it was divided into 4 groups for regression analysis:
(1) less than 10 mg/g, (2) 10 to 30 mg/g, (3) 31 to 300 mg/g, and (4) more than 300 mg/g. While analyzing the baseline renal profile, the following covariates were adjusted in the regression models using forward selection: age, sex, duration of diabetes, baseline body mass index, SBP, fasting glucose levels, HbA 1c , total cholesterol levels, high-density lipoprotein cholesterol levels, low-density lipoprotein cholesterol levels, and triglyceride levels. While analyzing the mean follow-up renal profile, their baseline values were also adjusted in the regression models, along with the previously mentioned covariates. Diastolic blood pressure was not adjusted in the models because it was highly correlated with SBP. Because the triglyceride distribution was highly right-skewed, a natural log transformation was taken for regression analysis. Participants who were lost to follow-up due to death or any other reasons were treated as censored data. Log-minus-log plots and residual plots were used to examine the proportional hazards assumption and fitness of the Cox regression models. All statistical operations were performed using SAS, version 9.4 (SAS Institute).
Results
Of the 2161 patients in this cohort, 26 of them had ungradable fundus images. Therefore, a total of 2135 patients were included in this study. The mean (SD) age was 63.4 (11.9) years; 1025 (56%) were female, and 930 (44%) were male. The mean (SD) duration of diabetes at baseline was 15.1 (7.0) years. The mean (SD) follow-up period was 68.7 (23.4) months (26-101 months). At baseline, 751 patients (35.2%) had NPDR, 39 (1.8%) had PDR, and 34 (1.6%) had DME. Other baseline characteristics are shown in the eTable in the Supplement. Table 1 shows our comparisons regarding renal profiles and other baseline characteristics between patients with NPDR/ PDR and those without DR. Both patients with NPDR and those with PDR had higher serum creatinine levels, lower eGFR, higher urinary ACR, and higher SBP than those without DR. Furthermore, patients with NPDR were older, had diabetes for a longer time, and had higher HbA 1c levels than those without DR. Patients with PDR had lower high-density lipoprotein cholesterol levels than those without DR. DME vs No DME at Baseline Table 2 shows our comparisons regarding renal profiles and other baseline characteristics between patients with and without DME. Patients with DME had higher serum creatinine levels and lower eGFRs than those without DME.
DR vs No DR at Baseline

New Onset of Any DR
Of the 1345 patients without DR at baseline, 685 patients (50.9%) developed DR during the follow-up period. No baseline serum creatinine level or baseline ACR level correlated with new-onset DR, but those with a baseline eGFR between 30 and 
New-Onset DME
Of the 2101 patients without DME at baseline, 193 (9.2%) developed DME during the follow-up period. For the baseline renal profile, only urinary ACR was correlated with new-onset DME. Compared with patients with an ACR of less than 10 mg/g, patients with an ACR between 31 and 300 mg/g (HR, 1.563; 95% CI, 1.078-2.267; P = .02) and those with an ACR of more than 300 mg/g (HR, 2.707; 95% CI, 1.640-4.470; P < .001) both had a higher risk of developing DME. Neither baseline serum creatinine levels nor eGFR was correlated with new-onset DME. As for the mean follow-up renal profile, serum creatinine levels were correlated with new-onset DME with an HR of 1.402 per mg/dL (95% CI, 1.087-1.808; P = .01). For those with a mean follow-up eGFR between 30 and 45 mL/min/1.73m 2 , the HR for developing DME was 2.106, as compared with those with an eGFR of more than 90 mL/min/1.73m 2 (95% CI, 1.268-7.609; P = .01). Mean follow-up ACRs were no longer correlated with new-onset DME after adjusting for the baseline ACR ( Table 5) .
Discussion
The association between CKD and DR has been extensively investigated in previous studies. 3, 7, 8, 11 The vascular endothelial dysfunction of small vessels secondary to prolonged hyperglycemia contributed to both the development and progression of DR and CKD. To our knowledge, our study was the first large-scale prospective cohort study that provided a more indepth analysis of both eGFR and albuminuria, which are the 2 most important markers for assessing renal function, as suggested by the Kidney Disease: Improving Global Outcomes guideline. 12 Similar to previous cross-sectional studies, 7,9 we found that those with NPDR and PDR had a higher baseline serum creatinine level, higher baseline ACR, and a lower baseline eGFR level as compared with those without any type of DR. We also found that patients with lower eGFRs at baseline and during follow-up tended to have a progression of DR. Jeng et al 11 also concluded that CKD was an independent risk factor for the development and progression of DR in a nationwide data-based cohort study. In addition to a lower eGFR, we also found that an ACR of more than 30 mg/g at baseline and during follow-up was correlated with new-onset PDR, but not Abbreviations: ACR, albumin to creatinine ratio; eGFR, estimated glomerular filtration rate; HR, hazard ratio; NA, not applicable.
SI conversion factor: creatine to micromoles per liter, multiply by 76.25. Abbreviations: ACR, albumin to creatinine ratio; eGFR, estimated glomerular filtration rate; HR, hazard ratio; NA, not applicable.
SI conversion factor: creatine to micromoles per liter, multiply by 76.25.
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any DR, suggesting that more severe proteinuria be associated with advanced DR. This agreed with previous results, indicating that albuminuria was strongly associated with the presence of PDR. 13 On the other hand, one study demonstrated that a more extensive nonperfusion area in the retina increased the risk of progression of CKD over a 2-year period.
14 These studies strengthened the link between diabetic retinopathy and nephropathy, suggesting that either one may progress along with the other. Chronic kidney disease has been implicated in the production of vascular endothelial growth factors (VEGF) that are normally detected in podocytes in glomeruli and tubular epithelial cells. 15, 16 A marked expression of VEGF secondary to glomerular injury was observed in experimental diabetic rats with early nephropathy. 17 Local production of VEGF may be further released into the systemic circulation. Elevated serum VEGF levels were also found in patients with CKD, and it had an inverse relationship with eGFR levels. 18 This could be the possible mechanism explaining why CKD with a lower eGFR was correlated with a new onset of PDR. Moreover, after the baseline eGFR value was adjusted, patients with higher mean follow-up eGFRs still had a higher risk for developing nowonset DR or PDR. This implicates that treatment for CKD may have a role in preventing the progression of DR. Vascular endothelial growth factors were also a possible mediator in the occurrence of albuminuria, causing increased vascular permeability and protein filtration. 19, 20 Vascular endothelial growth factors and other inflammatory cytokines damage glomerular endothelial cells and disturb podocyte-endothelial cell communication, leading to microalbuminuria. 21 While microalbuminuria was an early manifestation of nephropathy, the presence of macroalbuminuria may indicate progressive CKD. The gross destruction of glycocalyx, which acted as a glomerular filtration barrier, may have caused additional podocyte loss and mesangial expansion that eventually led to irreversible glomerulosclerosis and overt proteinuria. 21 Therefore, a high VEGF level may result in both overt albuminuria and PDR, and this support our findings that both high initial and follow-up ACR values were associated with new PDR. While both eGFR and the presence of albuminuria indicated the severity of CKD and were associated with DR, they may not have the same role in explaining the progression of DME occurrence, as few patients with DR developed DME over the course of follow-up in this study, accounting for 9.2% of patients without DME at baseline in our study. In this study, patients with DME at baseline also tended to have a low eGFR at baseline. On the other hand, patients with baseline ACRs of more than 30 mg/g were more likely to develop DME over the follow-up period, in accordance with a previous study that demonstrated that both microalbuminuriaand macroalbuminuria were risk factors for DME, with macroalbuminuria carrying a stronger risk. 8 The mechanisms for DME may provide
some insights on what we observed. First, the breakdown of the blood-retinal barrier caused by VEGF and other cytokines resulted in capillary leakage and fluid accumulation in the retinal parenchyma. Diabetic macular edema reflected a process of a more generalized vascular hyperpermeability and leakage. 22 We inferred that a lower eGFR and DME may both result from an elevated VEGF and therefore are correlated with each other. Second, advanced macroalbuminuria with marked protein loss may result in lower oncotic pressure that drives fluid leakage into the extravascular space according to Starling's 23 rule that states that fluid movement is governed by changes in pressure gradients. While serum albumin deficits can be compensated by an increased production of albumin molecules in the liver and may not lead to hypoalbuminemia, sustained and massive protein loss may impair this homeostasis in the long run. 24 According to this deduction, patients with macroalbuminuria may be prone to more fluid leakage from the damaged retinal vessels, which results in DME eventually.
Strengths and Limitations
The strength of this study is that it was an 8-year prospective cohort study. We analyzed both eGFR and albuminuria for CKD not only at baseline but also during the follow-up period as dynamic markers for retinal disease progression. We found that eGFR and albuminuria, while probably intercorrelated, may not contribute equally to the progression of DR and DME. To ou knowledge, this distinction was not specifically addressed in previous studies. This study also had some limitations. The diagnosis of DME was based on fundus photography only, which is less sensitive than optical coherence tomography. 25 However, most previous studies also adopted the same diagnostic tools. As for the diagnosis of DR, the 2-field nonmydriatic fundus photography that was used in this study has been widely used in previous studies and proven to be valid. 9,26 Furthermore, this is an observational study. Although we tried to adjust for possible confounding factors in multiple regression models, there were still residual confounding factors that could not be controlled. This study could reveal associations but not causations. Further randomized clinical trials are necessary for investigating the causal relationships between CKD and DR. Finally, all the participants in this study were of the Chinese population in Taiwan. We cannot be sure if such results can be generalized to other populations.
Conclusions
Abnormal renal profiles, including a high serum creatinine level, low eGFR, and high urinary ACR, both at baseline and during the follow-up period, were associated with a new onset of PDR. A high ACR at baseline was associated with the development of DME. This connection implies that aggressive treatment for CKD may have a role in preventing the deterioration of DR. 
